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TXDQWXP QXPEHUV RI D TXDUNDQWLTXDUN V\VWHP:KHQ WKH IOX[ WXEH LV LQ LWV JURXQG VWDWH m = 0PHVRQVZLWK
FRQYHQWLRQDO -3& DUH SURGXFHG ([FLWDWLRQV RI WKH IOX[ WXEH FDQ UHVXOW LQ SURGXFWLRQ RI K\EULGPHVRQVZLWK -3&
IRUELGGHQ IRU FRQYHQWLRQDO PHVRQV /LQHDU FRPELQDWLRQV RI WKH H[LWHG WUDQVYHUVH PRGHV RI WKH IOX[ WXEH DUH
HLJHQVWDWHVRISDULW\DQGKDYH-3& ±DQG-3& ±:KHQWKHVHTXDQWXPQXPEHUVDUHFRPELQHGZLWKWKRVHRIWKH
TXDUNDQWLTXDUN V\VWHP ZLWK /    DQG 6    TXDUN VSLQV DOLJQHG WKUHH RI WKH VL[ SRVVLEOH -3& KDYH H[RWLF
FRPELQDWLRQV±±DQG±
5HFHQWODWWLFHFDOFXODWLRQVSUHGLFWPDVVHVRIK\EULGPHVRQVZLWK-3& ±±DQG±WREHEHWZHHQ*H9
DQG*H9DQG-3& ±WREHWKHOLJKWHVWVWDWH7KHVHSUHGLFWLRQVGHILQHWKHHQHUJ\UHJLRQIRUWKHH[SHULPHQWDO
VHDUFK IRU OLJKW K\EULGPHVRQV 6HYHUDO H[SHULPHQWV KDYH UHSRUWHG RQ REVHUYLQJ WKUHH H[RWLF VWDWHV ʌ ʌ
DQGʌZLWK-3& ±
8VLQJOLQHDUO\SRODUL]HGSKRWRQEHDPVWRVHDUFKIRUH[RWLFVWDWHVLVH[SHFWHGWRKDYHVRPHDGYDQWDJHVFRPSDUHG
WR XVLQJ EHDPV RI SLRQV ,Q WKH FDVH RI WKH ʌEHDP SURGXFWLRQ RI H[RWLF PHVRQV LV H[SHFWHG WR EH VXSSUHVVHG
EHFDXVHDVSLQIOLSRIWKHTXDUNLVUHTXLUHG,QFRQWUDVWDFFRUGLQJWRWKHYHFWRUGRPLQDQFHPRGHOOLQHDUO\SRODUL]HG
SKRWRQVFDQEHSUHVHQWHGDVDYLUWXDOTXDUNDQWLTXDUNVWDWHZLWK/ DQG6 LHQRVSLQIOLSLVUHTXLUHG/DUJH
SKRWRSURGXFWLRQ FURVVVHFWLRQV IRU H[RWLFPHVRQV DUH DOVRSUHGLFWHGE\ UHFHQW ODWWLFH FDOFXODWLRQVRI WKH UDGLDWLYH
GHFD\RIFKDUPRQLXPVWDWHVLQWRK\EULGPHVRQVZLWKH[RWLFTXDQWXPQXPEHUV>@
'XULQJWKHSDVWIHZGHFDGHVVHYHUDOH[SHULPHQWVKDYHVHDUFKHGIRUH[RWLFPHVRQVXVLQJGLIIHUHQWEHDPSDUWLFOHV
DQGHQHUJLHV7ZRQHZH[SHULPHQWVGHGLFDWHGWRVHDUFKIRUVWDWHVZLWKH[RWLFTXDQWXPQXPEHUVDUHFXUUHQWO\XQGHU
FRQVWUXFWLRQ3$1'$DW*6,>@DQG*OXH;DW-HIIHUVRQ/DE>@3$1'$ZLOOSHUIRUPDVHDUFKIRUH[RWLFVWDWHVLQ
SURWRQDQWLSURWRQDQQLKLODWLRQZKLOH*OXH;ZLOOXVHDEHDPRI OLQHDUO\SRODUL]HGSKRWRQV7KH*OXH;H[SHULPHQW
ZLOOFROOHFWDGDWDVDPSOHDIHZRUGHUVRIPDJQLWXGHVODUJHUWKDQDOOH[LVWLQJSKRWRSURGXFWLRQGDWD
*OXH;([SHULPHQW
7KHXSJUDGHRI WKH&(%$)HOHFWURQEHDPHQHUJ\IURP*H9WR*H9ZLOOSURYLGHDXQLTXHKLJKLQWHQVLW\
EHDPRIOLQHDUO\SRODUL]HGSKRWRQVSURGXFHGXVLQJDEUHPVVWUDKOXQJWHFKQLTXH>@$VFKHPDWLFYLHZRIWKH*OXH[
EHDPOLQHLVVKRZQLQ)LJ

)LJ$VFKHPDWLFYLHZRIWKH*OXH;EHDPOLQH
7KHSKRWRQEHDPLVSURGXFHGE\D*H9HOHFWURQEHDPLQFLGHQWRQDWKLQȝPGLDPRQGUDGLDWRU&RKHUHQW
UDGLDWLRQIURPWKHGLDPRQGFU\VWDOODWWLFHUHVXOWVLQVKDUSPRQRFKURPDWLFSHDNVLQWKHSKRWRQHQHUJ\VSHFWUXP,Q
RUGHUWRVXSSUHVVWKHFRQWULEXWLRQIURPEDFNJURXQGRULJLQDWLQJIURPWKHLQFRKHUHQWEUHPVVWUDKOXQJSURGXFWLRQLH
WRLQFUHDVHWKHIUDFWLRQRIOLQHDUO\SRODUL]HGSKRWRQVLQWKHHQHUJ\UHJLRQRILQWHUHVWEHWZHHQ*H9DQG*H9
WKHFRKHUHQWSHDNUHJLRQ WKHSKRWRQEHDPLVSDVVHGWKURXJKDFROOLPDWRUVLWXDWHGDERXWPGRZQVWUHDPIURP
WKHUDGLDWRU7KHSKRWRQHQHUJ\ZLOOEHGHWHUPLQHGZLWKDQDFFXUDF\RIDERXWE\PHDVXULQJWKHHQHUJ\RIWKH
HOHFWURQDIWHUUDGLDWLRQ7KHFROOLPDWHGSKRWRQVZLOOVXEVHTXHQWO\EHVHQWWRWKH*OXH;OLTXLGK\GURJHQWDUJHW
2QHRIWKHNH\FRPSRQHQWVRIWKH+DOO'SKRWRQEHDPOLQHLVWKHSDLUVSHFWURPHWHUZKLFKLVLQVWDOOHGDIWHUWKH
SKRWRQFROOLPDWRU LQIURQWRI WKH*OXH;GHWHFWRU7KHVSHFWURPHWHUZLOOPHDVXUH WKHHQHUJ\RIDEHDPSKRWRQE\
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GHWHFWLQJDQHSDLUSURGXFHGE\WKHSKRWRQLQDWKLQFRQYHUWHU7KHPDLQSXUSRVHRIWKHVSHFWURPHWHULVWRPHDVXUH
WKHVSHFWUXPRIWKHFROOLPDWHGSKRWRQEHDPDQGGHWHUPLQHWKHIUDFWLRQRIOLQHDUO\SRODUL]HGSKRWRQVLQWKHFRKHUHQW
SHDNHQHUJ\UHJLRQ7KH OD\RXWRI WKH+DOO'SDLU VSHFWURPHWHU LVSUHVHQWHG LQ)LJ(OHFWURQSRVLWURQSDLUVDUH
FUHDWHGE\EHDPSKRWRQVLQVLGHDWKLQFRQYHUWHUZLWKDW\SLFDOWKLFNQHVVRIaUDGLDWLRQOHQJWKV


)LJ6FKHPDWLFSODQYLHZRIWKHSDLUVSHFWURPHWHUDDQGWKHGLSROHPDJQHWZLWKYDFXXPFKDPEHUE
3URGXFHGOHSWRQVDUHGHIOHFWHGLQDGLSROHPDJQHWZLWKDQHIIHFWLYHILHOGOHQJWKRIDERXWP7KHPDJQHWLV
RSHUDWHGDWDQRPLQDOILHOGRI7$PHWHUORQJYDFXXPFKDPEHULVLQVWDOOHGDIWHUWKHPDJQHW(OHFWURQVDQG
SRVLWURQV DUH UHJLVWHUHG LQ WZR OD\HUV RI VFLQWLOODWRU GHWHFWRUV D KLJKJUDQXODULW\ KRGRVFRSH DQG D VHW RI FRDUVH
FRXQWHUV GHQRWHG RQ )LJ  DV 36 DQG 36& UHVSHFWLYHO\ 7KH GHWHFWRUV DUH RUJDQL]HG LQWR WZR DUPV SRVLWLRQHG
V\PPHWULFDOO\ZLWKUHVSHFWWRWKHSKRWRQEHDPOLQH(DFK36KRGRVFRSHFRQVLVWVRIDQDUUD\RIWKLQVFLQWLOODWRUWLOHV
7LOHVZLWK WZRGLIIHUHQW VL]HV îîPPDQGîîPPDUHXVHG7KH OLJKW IURPHDFK WLOH LV FROOHFWHGE\
PHDQVRIZDYHOHQJWKVKLIWLQJILEHUVDQGLVGHWHFWHGE\D+DPDPDWVXVLOLFRQSKRWRPXOWLSOLHU6L30ZLWKDVHQVLWLYH
DUHDRIîPP>@7KHKRGRVFRSHHQHUJ\UHVROXWLRQYDULHVEHWZHHQ0H9DQG0H9IRU*H9DQG*H9
UHFRQVWUXFWHGSKRWRQVUHVSHFWLYHO\(QHUJ\VSHFWUXPRIEHDPSKRWRQVPHDVXUHGZLWKWKHSDLUVSHFWURPHWHUGXULQJ
WKH ILUVW+DOO' FRPPLVVLRQLQJ UXQ LV SUHVHQWHG LQ )LJ  3HDNV LQ WKH HQHUJ\ VSHFWUXP UHJLRQV HQKDQFHGZLWK
OLQHDUO\SRODUL]HGSKRWRQVFRUUHVSRQGWRSKRWRQVSURGXFHGLQFRKHUHQWEUHPVVWUDKOXQJSURFHVVIURPWKHGLDPRQG
FU\VWDO 'XULQJ WKH FRPPLVVLRQLQJ SKDVH WKH -HIIHUVRQ /DE DFFHOHUDWRU SURYLGHG D *H9 HOHFWURQ EHDPZKLFK
HQHUJ\ZDVDERXWDIDFWRURIWZRVPDOOHUWKDQWKHQRPLQDOEHDPHQHUJ\RI*H9

)LJ3KRWRQHQHUJ\VSHFWUXPPHDVXUHGZLWKWKH36KRGRVFRSHGXULQJWKHILUVWFRPPLVVLRQLQJUXQZLWKDGLDPRQGUDGLDWRU
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7KH*OXH;LVDPDJQHWLFVSHFWURPHWHURSWLPL]HGWRSURYLGHDOPRVWʌFRYHUDJHIRUFKDUJHGWUDFNVDQGSKRWRQV
RULJLQDWLQJIURPH[RWLFPHVRQGHFD\V7KHVSHFWURPHWHUOD\RXWLVSUHVHQWHGLQ)LJ7KHSKRWRQEHDPLVLQFLGHQW
RQDFP/+WDUJHWSRVLWLRQHGLQVLGHDVROHQRLGPDJQHW7KHWDUJHWLVVXUURXQGHGE\DVWDUWFRXQWHU67PDGHRI
SODVWLFVFLQWLOODWRUWKDWSURYLGHVHYHQWWLPLQJLQIRUPDWLRQ,WLVXVHGWRLGHQWLI\WKHEHDPEXQFKFRPLQJHYHU\QV
IURPZKLFKWKHLQWHUDFWLRQDWWKHWDUJHWRFFXUV

)LJ6FKHPDWLFSODQYLHZRIWKH*OXH;GHWHFWRU
&KDUJHGWUDFNVDUHUHFRQVWUXFWHGZLWKWKH&HQWUDODQG)RUZDUGGULIWFKDPEHUVVKRZQRQ)LJ>@7KH&'&LVD
OD\HUPORQJVWUDZWXEHFKDPEHUZLWKVWUDZWXEHV7KH)'&FRQVLVWVRIIRXUVHSDUDWHSDFNDJHVHDFK
SDFNDJHFRQWDLQVVL[FDWKRGHZLUHFDWKRGHSODQHV>@&DWKRGHVWULSVDUHRULHQWHGDWGHJUHHVZLWKUHVSHFWWRWKH
ZLUHV 7KLV VWULS RULHQWDWLRQ SURYLGHV LQIRUPDWLRQ RQ WKH SRVLWLRQ DORQJ WKH KLW ZLUH LPSURYLQJ WKH SDWWHUQ
UHFRJQLWLRQ:LUHVDQGFDWKRGHVWULSVDUHLQVWUXPHQWHGZLWKWKHVLQJOHVLGHUHDGRXW7KHSRVLWLRQUHVROXWLRQRIWKH
&'&LVDERXWȝP0RPHQWXPUHVROXWLRQRIWUDFNVUHFRQVWUXFWHGZLWKWKH&'&DQG)'&LVıp/p §±


)LJ7KH&HQWUDODDQG)RUZDUGEGULIWFKDPEHUV
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&DOLEUDWLRQDQGDOLJQPHQWRIWKH)'&DQG&'&KDYHEHHQSHUIRUPHGXVLQJFRVPLFUD\VDQGDVDPSOHRIFKDUJHG
WUDFNVDFTXLUHGGXULQJ WKHEHDP WHVW$IWHUFDOLEUDWLRQ WKH)'&VSDFHSRLQW UHVROXWLRQRI WUDFNVZDV IRXQG WREH
aȝP
5HFRQVWUXFWLRQ RI SKRWRQV LV SHUIRUPHG XVLQJ OHDGVFLQWLOODWRU EDUUHO DQG OHDG JODVV IRUZDUG FDORULPHWHUV
)LJ7KHEDUUHO FDORULPHWHU %&$/ FRQVLVWV RIPRGXOHV(DFKPRGXOH LV PHWHU ORQJ DQG LVPDGH IURP
DSSUR[LPDWHO\ N VFLQWLOODWLQJ ILEHUV VDQGZLFKHG EHWZHHQ OD\HUV RI OHDG$OO PRGXOHV DUH VWDFNHG WR IRUP D
F\OLQGULFDOVKDSHZKLFKLVLQVHUWHGLQWRWKH*OXH;VROHQRLGPDJQHW7KH%&$/UHDGRXWLVSHUIRUPHGXVLQJDUUD\V
RI VLOLFRQ SKRWRPXOWLSOLHUV LQVWUXPHQWHG RQ ERWK VLGHV RI WKH PRGXOH 3RVLWLRQ DQG HQHUJ\ UHVROXWLRQV RI
UHFRQVWUXFWHGSKRWRQVDUH¥(FPDQG¥(UHVSHFWLYHO\ZKHUHHQHUJ\(LVJLYHQLQXQLWVRI*H9

)LJ7KHOHDGJODVVIRUZDUGDDQGOHDGVFLQWLOODWRUEDUUHOEFDORULPHWHUV
7KH IRUZDUG FDORULPHWHU )&$/ FRQVLVWV RI  îî FP OHDGJODVV EORFNV VWDFNHG LQ D FLUFXODU IUDPH
(DFK EORFN LV UHDG RXW E\ D 307 7KLV FDORULPHWHU GHWHFWV SKRWRQV EHWZHHQ  DQG  7KH UHODWLYH HQHUJ\
UHVROXWLRQLV¥(DQGDSRVLWLRQUHVROXWLRQLV¥(FP
3DUWLFOHLGHQWLILFDWLRQ3,'LVSHUIRUPHGXVLQJWLPHPHDVXUHGE\WKH6WDUW&RXQWHUWKHIRUZDUG7LPH2I)OLJKW
72)ZDOODQGWKH%&$/7LPHLQIRUPDWLRQFDQEHFRPELQHGZLWKdE/dx PHDVXUHPHQWVLQWKH&'&7KHW\SLFDO
WLPH UHVROXWLRQ RI WKH 72) LV DERXW  SV ZKLFK SURYLGHV VHSDUDWLRQ RI SLRQV DQG .PHVRQV LQ WKH IRUZDUG
GLUHFWLRQ LQ WKHPRPHQWXP UDQJHEHORZ*H9F ,GHQWLILFDWLRQRINDRQVZLOO EH VLJQLILFDQWO\ LPSURYHG LQ WKH
PRPHQWXPUDQJHRIXSWRDIHZ*H9FE\LQVWDOOLQJVHYHUDOEDUVRIWKH%D%DU',5&>@7KLVZLOOGUDPDWLFDOO\
LQFUHDVH WKH QXPEHU RI SRWHQWLDO K\EULG GHFD\ PRGHV WKDW *OXH; FDQ LQYHVWLJDWH DQG ZLOO UHGXFH H[SHULPHQWDO
EDFNJURXQGVIURPPLVLGHQWLILHGSDUWLFOHV
7KHTXDQWXPQXPEHUV-3&RIWKHREVHUYHGPHVRQVZLOOEHGHWHUPLQHGXVLQJDSDUWLDOZDYHDQDO\VLV3:$7KH
*OXH;3:$VRIWZDUHLVEHLQJLQWHQVLYHO\WHVWHGXVLQJ0RQWH&DUORVLPXODWLRQV
&RQFOXVLRQ
*OXH;LVWKHQHZH[SHULPHQWDW-HIIHUVRQ/DEZKLFKSK\VLFVSURJUDPLVLQWHQGHGWRLPSURYHRXUNQRZOHGJHRI
VWURQJ LQWHUDFWLRQV7KHPDLQJRDORI WKHH[SHULPHQW LV WRVHDUFKIRUJOXRQLFH[FLWDWLRQV%HLQJRSWLPL]HGIRU WKH
VHDUFK RI PHVRQV ZLWK H[RWLF TXDQWXP QXPEHUV WKH GHWHFWRU LV ZHOO VXLWHG WR VWXG\ SK\VLFV WRSLFV VXFK DV WKH
3ULPDNRII SURGXFWLRQ RI SVHXGRVFDODU PHVRQV FKDUJHG SLRQ SRODUL]DELOLW\ DQG PDQ\ RWKHUV 7KH H[SHULPHQW LV
H[SHFWHGWRFROOHFWDGDWDVDPSOHDIHZRUGHUVRIPDJQLWXGHVODUJHUWKDQDOOH[LVWLQJSKRWRSURGXFWLRQGDWD*OXH;
ZDV VXFFHVVIXOO\EURXJKW LQWRRSHUDWLRQGXULQJ WKH ILUVW FRPPLVVLRQLQJ UXQV WKHGHWHFWRU FRPPLVVLRQLQJVWDJH LV
H[SHFWHGWREHILQLVKHGLQWKHPLGGOHRI
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